(19)H*U^ff/f (j P) 



< i2 > ^ m 4# ft ^ $g (a) 



(51) IntCl. 9 
H0 1L 21/768 
21/28 
21/3205 



F I 
HO 1L 



21/90 
21/28 
21/88 



#51^11-135630 

(43)^IHH ^11^(1999) 5/121 H 



B 
L 
B 



(2i) 



(22)fflBIH 



ftWFlO- 182813 



^PJEK10^(1998> 6 JJ29B 



(31) «5fe»*«## 4$W<F9 -234236 — 

(32) S 9cB ¥ 9 (1997) 8 £29 H 

(33) «5fe*g£SS H* (J P) 



&&%&t ffi7jVR(D&26 O L (^ 42 H) 



(72)5g9I^ 



(71) tfJHA 000005108 

3DS:«=F«BBK#Ea»M#IZ3TS 6** 
SOe^PWISr^SfBr^TS 16*fl6© 3" 

SDKIPfSMS rfc&r "T AT @ 16««0D 3 *fc5t 
UUP Hffl 

^tt b &mxm&m x wss-fe >^ ft 



(72) SIM* 



(74)f^aA 



(54) B89i©£*M *»#^«IiI»«Sc!)«iS^^«fcr^»^ft^mBlK«as 



(57) [gift] 

©ISSt, i^-^U'^ Fn7^l/--> 3 y (EM) » 



15 



15b 1S» 



13L 




ga 2b 3pd /.3pff 

' ! 2^2^? 9L : #2»E« 13L : «4fl£Ja 

7C : gttffiSWtt* iil : *3®S£A 
8»-Sf : ««H 12C , 



f 



(2) 

1 

( a ) MB^m^&^.<o±.m<r>mmmKmmL%mi-r 

h IS ^ > 

(b) ffflEWMLtC, «rE»tt?L*a>(>&trJ:dfc« 

(c) «rE»afflo*flcBto»*xsft, miffis^fflw 

(e) mrEiejftK±.K> ttEEtt/&at*att&t>j: ? u 

(f) ttrEEISLfflO*'»IR«)^lRie^. UKBEiSUBW 
K *f L T W-m tfBM * J& L T Ei»ffl * £W <o E 

a&Ei& * 4 is i: * 4 - 1 z #m t -r & * 

[flt*&2] W*« 1 E*<0*##*StlHB*1I©« 

(a) !WE»«EfflW*flcil*fll*ft-r4*v»*#:JK*:^^< 

(b) TWE»v»#flt||Lhlc, frES^o****** 

-T 2>m^fcW& C V Dj*K i -3 TMt4ISt*f 

[n*a3] iiJfcfiiE«©¥*#*f*ia»*ii«>* 

r»i, H}E»«Efflo*#«t***Ri-*JPv»*#R«ra« 

*fc»±fl-frfcrt'fc*'K CVDffi*fctt> 
?*ttT»*Lrt:»<e-li, 1WEE«Jli«)*#R«>»JSX 

Si^i±¥S-fb®SiSo^^ < t i-^oig^ic^ 

[B*«6] ¥ilM**«*>±Ji«>E*»fca>iE** 

a&6£i8Uf KffM £ ft/w^-ft **** 4 EiSUBif fil-^te 
Riaa&trJfrfrKli, HuE^ft^M&^EIIfflSlrtK so 



ftfflW- 1 1 - 1 3 5 6 3 0 
2 

b % 2>m^&&WkZ * » ? >; CVDS 

jfco**v»E«iffl*»=»±. »-srxf--> 

ffiic i c-csfe^tfis^^-r* - *ftWLt-tz>*m 

(a) #*#g«^JJf Oi^RKE^^Jsiy^M 

?L*^?L-r-&ist, 

(b) «fE«ftBI±C HiTEE«ffl*i5J:rfl8«?L* t a 

? * 'J v^ftK J: »3^1-4ISt, 

(c) MEM* fcli«'fr&:6»'9 44##*K*fL-C 3 Fffl 

«±ffl^* ^ * 4 S-f^R * Bfe*i" & ^ ^ ^ ^ ^ - 

E*UB** <£ tfftiBBLrt fc*flt|l*a*&tf Xli fc , 

(d) iWE**fci±«'frft*&ft4*frR«> 3 Pffl'n^a 

(a) ^*#^co_hHW^K^@E^ffl*J3i^Sn 
?LSr^?L-f-4lSi, 

(b) mtimmmi.^. «rEE«ffl»isJ:o«*5L* , a 
je>a*fL* j:^ t-§H*^«4*s^*»^ ****** pv 

(c) mi&mzfz\±m&&frt>ii:&&#mz.tfLx¥-i£. 

■fk«.atJtU-C«rEE«W**J:W t »tt?LrtJa^<0»4 

(d) itrEfflf ^•iffl'&^^^^^iR^^xei 

i o ] i|t*flcafe«o±ji oe«w i-aiiE^ 

-ewTSoBB^i: **«6«n-«a-r*»a?Li*3i:a*a. 
t*tJt»affls»flt»*n»EaaE«i+^*mi-*flHi* 



(3) ftmW- 1 1 - 1 3 5 6 3 0 



12 



fyy^T-y, 9 sir * r- >&£i tz&T-f 

s-r-4 Y<r>7 *><7)'J>-tc < t t> 1 o*f,i5:tt 

[1**121 **#!fe*©±«OEIiWt=«&E8[ 

^oa&E&OEit&l iHTl oseii: 

[ft a 1 3 ] Oil© ElfUf U ffl&EH 

IK, »***#«»-C«jS**L*E«lfl|JSffl*»|l!!»tf> 

[1** 1 4 ] -*aMM6;K©±tt KiJlT £ lESl Kffi - 

^E^S-*l-^,*^:#*^iiiJi&^ftr-*c»r, 

:£> 7*5-^, 7 * s — a -g-^ $tz\±7- 9 y± 4 

l 5 ] **#**o±ffl5»;:E*Ul*#i-4* 

E&Jf (OEH^W * 7 * ^ - v a s jt (± 7 * 5 - •> a 



30 



[1*116] JiflHcElfUB 

$M»iMfC*oT, EMI t t 
t*^ffi«M*?v^f ? >:J>';*.7 i >-£• 
A L, §±<0E$SJi i«T<0Ei&Jf «9R5?)E 
*>0^-£ <ttl oo5Eil&JlKJ3lt.&E&£Sfl 

[i*fi 7] jiasKE*u»*:firi-.&# 

A-g-&^e>;S:&Eifcli, ffliftlii-&ii^i:5Be 

[i** 1 8 ] jj§ oe&ji Ka&Ei& 

*>co^<oadiE^E^S «t t) t>±m<omf&.tM&ffi 
^^a^E^^EiSJi J: *> &TS«OEifi&fc *®5tfi<iK& 

ffifB±Jg<0E*l#'e>fflfBBr5eC>aaEII 

«>E«wi4-rS£r*»«?Lrtui9:it?>^fc»«ffl*fltaj 



£, 1fflffiT*OE**'b*KW5£©S&E*0>EifUBS 

^a&Ei&OEii&M£;SfaKj3tt*5S3i T , lltri£&M?L 
[IB** 19] #*ff*«tf>±«»cEaui**i-4* 

•>A*o«-JH-Tfl|jSSfL4»2E«WI4:, 
fl-£WO||:*Wfl-T?flHS S ft* 31 3 EigUi t C 

in** 2 o ] i** i 9 fe«o*s^*aias&^M 

Kj3v->T, mrlB^ l EigUi t$rlBI& 2 Eif t li^' V T 
[B** 2 1 ] »** 19Stli2 0 ffi«^»^*#:* 

7 -r s it *±/< v -?mm ess s n ■* - 1 * # 

(l*a 2 2 ] 1**19, 2 0, 2 1W'fW-l 

m\i* >^f-v*o#*#J|4-cfl|jS*#i.4it *#ft 

[1** 2 -3 ] «** 1 7 Eft 0>¥tt#*flt BIBBS 

[«** 2 4 ] it** 2 3 ie«6D^s#*aiif&Ba 
ic^v>t, wim^') T^fcmn? -sirT.T-s^nmwti 

[»**2 5] **flc»«o±«KEaui 

IHS&^tt c is r , 

* 1 *|Sj»wE<ELrfl|j«S*i4* 1 EMl^-t«l 1 E 



40 rnturn i E«tJi«t •) ^ _ubkj£j£$;h, 34>o, mk^i 

*fiJKSE* 1 2 ^f6](c®ft LTlSfig; $ 1 2 E*&£ 

I5E^2E^ J: *) *>-Uf K^gStStu ltrffi» l 

CSft L T«fi£ ? tL i, m 3 E$& «: 4 ^ 3 ElSUi 

mrEW2ECA(i. tfrfS^l E^t^trie^2E«li:*^ 



so 



(4) 



3 

&ffl¥- 1 1 - 1 3 5 6 3 0 



2 6 j 2 5 &nn*mitm&®Kmm. 



[0 0 0 1 J 
[0 0 0 2] 

[6£*?>ft*l5] ¥*<MMftlilJ&&SOEajBjffi£&£ L 

T\ tajx.li'^-v'y > (Damascene ) fet Pf \ftli> 7*0 -fe 

L/:&, #*#3£«^fflKEiS^j£ffl 

W^ffi (CMP ; Chemical Mechanical Polishing ) l,z 
ioTKifSiiCi^ EttJBjfiJgoatfttza&E 

[0 0 0 3J ^J/>S0l5ffltLTfar^y 
"7v > (Dual -Damascene) Si**-5 0 CKO^ftli, 

CMPKJioTRitittKJ:!), EtMBAfflOfti*] 

KS#j&*Ei&«:Jg/£-r££:i; <> gMSJLrtUT*^ 

zmmt & z<D^<r>m^n, ^ 

E««iS 4 **#*ail»*!E«»z^v»r, IS 

[0 0 0 4] £©J: 5 fcov»-ci± % Mx. 

imm¥8 - 7 8 4 1 0 1 9 9 6 Symp.VLSI. 

Tech. Digest pp48-49 , W^Ftfn 1 9 9 6^3flf 
PP22-27 , - 1 4 8 5 6 0 ti IBM J. 
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[0 0 0 5] 

[0 0 0 6] a&Etttt*«^«iM|« 

7»i r ;u r v -> > { ; a v » r i± , mmfe&m mtmm 

°^ &&%^^tt ! $it : $:mi%Ltztf.mx-M.tt>&ttZ t 



<v@.it>&*-mtitf&*,*ti±\,^xi>mfti±& *k 

10 [0 0 0 7] $^OE65li, a&Eft«& 

mte%m®&mmzti\,*x, nsmz&tfizm^zztz 

[0 0 0 8] ifz. *ftW<DB&)i±, a&Ettftjifr*- 

-rz^mfc&mms&mwuzte^x, smmtititzit&m 

[0 0 0 9] * fc, *%H«>ffi0§tttt, a&EiglO# 

:tt t fo± $ * ^ £ t <n> x- s h * ^ d t tc & 
[0010] i7t, coffee mm±. m&ztfcttQ 

[0 0 1 1] *%^(7)MfS^t>CfC-?-(7)fl6oge<ji:iBfM 
[0 0 12] 

30 -ftas«j& 6 wmw*ffi>¥-izmw-rtu£^ 

%.<0 b £ t) X- $> 2, 0 

[0013] *&w<7)*m.te% : m®mmm.<oMtxkj;m 

jisoEiSJBtaiXEisis-^r-r*-^* 

**aBI»««»«ajrftT*oT, (a) huE^*#: 
fflSO±io<6»Ri:ft|(?Lt?jLt4I8i, (b) 

mm&mm±i,z^ mm8&tiL&m*>7Ltrj:$ izmmmv 

*#JR 4 let, (c) «trs&afflail|#K«> 

ifi l r Jei^o»«ffl * 4 £ t 

*««ci«i**«istii8t, ( e ) miimmm 
mjs.-tzj:mt, (f) DtTiBEiRffio^^ito^di'Xs 

f^x B?rfeE*lffl<75jS^lgfc^LTq z Jta'fb^!t314-i : fiLTE 
«ffl*rtJa*f.OE»fflOj»fltit*||fe3fe-t* C i: tc J: ») , 

[0 0 14] tfc, 4:^09^«fMiaiIf»«a«>SS 



<4 



(5) 



mW- 1 1 - 1 3 5 6 3 0 



[0015] ttz. *&w<v*&&mm®i&mw:<Dwt& 

irgu * \z m&m * a * & o - & o -c * * a 
[ooi6] ttz, ^smn^mw&mmmmw.nmm. 

*«#*»mK^Mosiig^ffir-*oT, ( a ) mm* 
•t-biMt. (b) «rEia»it±K, tfriaffi^ffl^fei 

*fl£R**><7*Mj > ^tt K J: 4 let, 

[0017] ttz, *9km0>*wtm&®R&mi;. * 



[0 0 19] 

***»«co±® o e*mi uaaE* * z> *mfc%k 

MJ: 9 fcT«OEiftfc**AW»cSf«i--5»-&^, 
E±WOE«*tTl(rEWSoaaE»^EIWi4rSa f 



10 



tjm^^a^H, 4?ft< fc*> 1S£JBv>t1S/£; 

U *^±»OE«W^*»t&aiiE»*«*fc«±«!^ 

£"Cif j£ L t OTJ)^ o 30 

aaE***+***#*»0tt«ii-c*or, miBE 

«OE«JltcaaElft**+4*i[ft*«I5JKJg«"e* 



20 gg 



50 



8 

e«ui & <n»mmmm 

mm^mit. < t t-t r <7)gf3eoaiiEisioE«ffi 

«E*I&J*c45^t4ftS*«, «^*tt?LoffiKE*IU&lt#iaj 
<Ol?J:nS< ft£ J: 3 KJg/SSrt/cv** <><7>T-* 

[0 0 2 0] 

h tz * co^n k # v> r (wj — mtz^-t & i> <d \± <D w 

[0 0 2 1 ] (*J60»JS 1 ) M 1 ti*^^0-|6iS^ 

1 <^*S>f*:«a[nIg&Sfic0^1^E^^*i-Sg|5Bf® 
SI3-|g5tiia2^E«lfllfi(OiSE®WJ*^-f»fffi 

•f 5?SKBfffiBI, SI 7 f*g| 1 0*#^a[iIK^aoE^ 

B8-BI1 2 «iBI 1 O*»ft:*»|5l»«ficojj3ax 

eftwistt^sfflitifffiia. h i 3 i 8 t^ia i 
[0022] if, **ifc^>jBSB i <v*mfei&m®&gz 

Wxtfp- JBOvU n > (Si) ijMS B 1,^2: 0> 

^tLTv>^, 0 ^cop ^i;i/pwtc«i, «l x. Jf p JB^*E* 
(B) n^x;VNWi:ii, Wx.lf 

n®>F«WJ> (P) Sfctil:* (As) ^WStL 

[0023] sfc, io^ffatsi^iw^tt*^ 

y , j3>^t, jr4j}||f|gSi2 b**aa6iiSft-C3g 

[ 0 0 2 4] *^«a5 2 ^HitLfcp »>^;i/PW45 J; 
0 + n >)x;i/NW^i4i:H, Wx.tf n ^^*;i/JgcOMO 
S • FET (Metal Oxide Semiconductor Field Effect 

Transistor ; JHlT. #C n MO S 4: ) 3 n ±5 J: V 
pfO«<7)MOS • FET (J31T. #CpMOSi: 
v^d) 3 p**JBiESixTv^ 0 fit, C(OnMOS3 
n^ir/pMOS3 pCiotCMOS (Compl imentar 
y M0S ) i»M?iitv^ 0 fc/iU 1 1:1 

JSESix^^aEK&S^fi, MOS • FETifcliMI S 
• FET (Metal Insulator Semiconductor Field Effe 
ct Transistor) KRjc ^ *l£ t <7)-C*± ft < tt^ ^£"1 



(6) 



ftmW- 1 1 -1 3 5 6 3 0 



S± Mis, £ tt h Sig r- & ^ v > 0 

TOO 2 5] nMOS3nli, p ->^;UP WO±gi5rs 

± K«S K«« 3 n g t *m L T V 4 „ ft 

*>\ nMOS 3 n <OT\*)\,fam±, p^pwflu 

[0 0 2 6] - 3 nd tt, nMOS 3 n© 

x I* n ^MttO V > 4 « A s tfS-Vs ftT n 4 „ ft 10 
i\ **&ffii£3 nd *, *- + **flWM|fcE«SfL/* 

[0 0 2 7] ^- Mg«JR3 n i tt, fll * tfgHfc -> y n 
>^t>ft4 0 -?"0±{;®fi6;$a/-^- J.sg 3ngl± 

« x. east* y -> a > q^m* & & * o ^ # u % 
^- ns3n g a, mm**- v ~> >; a xo^m^m 

K£^LTft4, v>*>iS>4>Ky-9->f LT&.& 

[0 0 2 8] pMOS3ptt, n^xA-NWOl 

i:, ^^telitc^^^^y- h^^ 3 p j 

*. ft*, P MOS3pOfir**i»tt, ttjijm 30 
WrtKUv»T-J*©J|MMratt3 pd oiHKjgjftji^ 
COf«#««3 pd tt, pMOS3p©V-*. 

*<0**teE«*ftfcffi#im=*8l*«> 
[0 0 2 9] h *g#jg| 3 p itt, «iJfl«ffc->y 3 

> * 64 *« *^>±K»j*s*i.fcr- hm®3 P g tt 
« x if east* v 3 > o 1 4 * . jt u 40 

V- bW,m3 p gtt, fifift^v ->.; 3>©j)l#jR ( cR 

SJ^torii/^,^ iffcajji;* y ~> y 3 > ©jji 

#K±fc* ^^f^/'Jt^ K^WidftvyHf^ K 
l*MLt^5, v>*>»9>4 sKy -9- >f KWifi: 

U 4 «i tffiaa^y -> y 3 ^offii|- a 

^-Hft&flKtJgjSL-Cfta, v*fc*>a,i?y 
[0 0 3 0] ^J:^^f# Sfil±(:|±i ^ OSM 
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CiotnMOS3 n £ <fc tfp MO S 3 p tmw\ Kx 
v*4» iOifflffi§l4 aOiUCIl, ifI^g£eD#|ft 

a, 5b<7)&£tt, |q— c*0, fllxtfO. 3 -1. O^rn 

5a ° 7 ^ Mfc«, «£ifo. i -i. oss, ekaj 

A»»=a»atrC £ i 0 . 7 J: r, 

S^^tf* EflUgjftS b«7^ Mttt, ffl 

AtfO. 5-2. 5gg, E*W*#«*Sj&&tr££S:# 
*"t"*i:l. 5 J: M^i^riWf l.v\, 
[0 0 3 1] f©EHfi 5 a , 5 bfttztt. Hi, III 
fc, f&lJf@S&6 L^*aa6iXf #lfett»-r 

v»4„ 

[0 0 3 2] »v>«#K6Ll tt, &im$Z&6Ltm 

6 L2 ©*rtjR^(Ojfcft£ WW .j- 4 ,<y r^tg^^o# 
«-^?>ftl7, Mx.ff:? >;/Xt-> (W) , fi-ft^^> 
(TiN).f-^(Ti), r/^*(Ta) , mit 

*>?*-r> (wn) , fi-ft^^xvvy-^ k 

(WS i N) , Jfrffc?^ >>-y-9->r K (T i S i N) 

S-fC^V^^ (T a N) Sfctta-fb^^^/u^y^^V 
(Ta S i N) *St*»c,a:4 0 

[0 0 3 3] CiT*, ^V^jf#:J^6 LI ^^^^^.t-V 
ft-ML^|;ii, TiN, Ti, Ta, WN, W 
S i N, T i S i N, TaNifcliTiS i N*-C#J« 

L^»-fr»cjfc^-cE«atttfiTS**ii:i»iiriBi:ft 
^>o #KHSfe5fiftv»A», ***©»«! lie* v»Ttt, 
* v> ***6 LI ^, «ittfT i NT«?fttl^ 0 
J|v>iftR6L2 tt, l^lSge^e LnXftZv 
*1"*«#-C*-? > -«^.tf7^?^^A (Al) , Al 

^ S5) ( C u ) i 

^O-^JtLTtt, AI*64.4ffl£ii; Si| Cu, 
G e*^J:?ft3C*0-5*.oaW!$fLfei||s^tt-€-*t 

WfcLTtt, Cu*»&ft4i|ffjRK:v^5,^ A ( M 

g) , Si, T i foi -5 ftTc^o-p *>«0S4R$fL^ i 

^^r^OHIUTa, ^>^^>*»c,ft 

^.o fti\ mTogemKjsnT, ai^ 9yir ^ 

i. z/C u-g^lcov^Ttt, ^3fcS«j(c±f2L.7t t 
u**T*«L^*^Ktt, A l tfctt^v^^VT 



(7) 

11 

a*-c§, m^mi^me L2 £a i i^tiA 1 

^^-V3> (EM) M&Zfa±mt%Zt & plft<h 

^> o 

[0 0 3 4] tztzL. » 1SEH6 LOfllfifiH 1 £ J: 

"PTIIB-e* 9 , «jctfH3-H5^t*iit:LTtA 

v> 0 0 3(i»v^ffJK6 Ll isJCWf^igfWRe L2 * io 

RdJ:dK*+:/:/»fWR6L3 *Rfrtfc«i6-C*-6o 

*t^iftl6 L3 li, Wx.lf * V^r- T i 

N. T i , Ta, WN, WSiN, TiSiN, T a N 

SfcliT a S i NUj&^&fco #C 

if L2 SrC u * fcliC u ^ft^fcjffi LfcS^Ka 

ffll-iifcjwj: CulH^ittkSrSfe^MHWI-i-ii 

tin*— * x $ {zm^m^me L2 ojibco^km: 

[0 0 3 5] EJ4 li|nJBE«6 L£Jpv>*#]R6 L2 

Hfcii't'ab&o H5(±SI4^fl|jiUl3V^"CJPv^<*:JR6 
L20±H:*tyy*#|R6L3 *&*tfc*;S-C* 

[0 0 3 6] Eltffl^S artC0^1®gfiia6 LtiSMffl 
*#«5 7C*iitTnMOS 3 n<O^S*ffi^3 ndJ 
fclipMO S 3 p 0**frfflit3 p d fcm^WKSM&S 
*LTV>& 0 ft«fflif#«7 C«i, *0*«»**ElftJB* 
5 a OJfiSffi^fj <0±MK|tQ;J»oTJi WftSIS 

^ «Scffl2i^SB7 CO±g|5(iSl@@S^6 Lco±Tffi 
SUtS J: 1 IEI6 Ltfejgffi Ltv^ Q m 40 

miS a<7)i£&l±. ffij;itf0. 2-1.0 M m*§jg, Jffi L 
< (i, MitfO. 4 ^ mSJST.ab^o Sfc, gI?L8a(7) 

r^^nta, mk.\x2-6mm, m»mm»n^& 

[0 0 3 7] SScffl^SP 7 C ^OTSBis J: cffllSB 
0*WW^»^i(#i|7 CI }|^ffi7Cl i:ffl 
* ftfcfflttWKJlvWifrR7 C2 i:t«?nrv^ 0 

s^iffi7ci ti, mffimmi£$&7 c tmmmmwk4 50 



teHB^F 1 1 - 1 3 5 6 3 0 
12 

0, «x.lfr/^f^ TiN, Ti> T a, WN, 
WSiN, TiSiN. T aNJ/:liT a S i N«S)6»<b 

[0 0 3 8] S^iM7Cl Sr* >4?T?fl|j£ 
Lfcft^Kfi, TiN, Ti, T a. WN. WS i N, 
Ti S iN, T aNJfcliTa S i N^xm^Ltz^^ 

[0 0 3 9] itz, m^mWWkl C2 li. 
7CWKiffit^Wt^^Mx.tfAK A 1 

«fit*W«-*C>ft-6o ffv>*fWR7C2 <0*tf;*f»^«i 
C u ifc(±C u^fiffifflStLTv^iv* 0 f&;b^>> * 
ll*OJgS!l Kfcv>T(±, ^1@ES^6 LOliilM 
6 L2 <7)S^ftt:iiC u ifcliCu^^fflwr 

t>, ¥m>&mmi tummirzmmmmfc&7 c« 

0. £1J|EM6 LOEj8gSi^i:«Loo, ^o. C 
[0 0 4 0] Jpv^^M7 C2 * A 1 *tz\±A I 

&xmj&Lfzm&\z&^xmmmmfcU7 cossl*®: 

a^Sfr]R7C2 =^A 1 i fcfiA 1 ^T-filJ&L*: 
Jt-<T»«ffl*fr»|5 7 C <D EMfii£i3 J: yf S M» 

^HJSO^Sg 1 jcisv^r«±. W^Mfcm7 C2 36*. 

HJ&O^S 1 Hj3V>Tfi, ^ l^E*a6 L<£>ii$£{±fi(7> 
¥Brtt-. *ttO*#:R (*1«E«6 LJKJafflOC u 

tpij £u T mwtmmfcffi>7 c<d? >v^^>m n>*ff&-t 
[0041] j tz, ±.m<Dmmx\±mmm 5 a f 5 b 

fi<7>i£ i@E^6 L**n— *t*|-"e««;$ttTv^»-&^ 

x. I^EISfflS 5 b K&#&trJpv>*ft:R 6 L 2 13 <fc 
^i#l6Ll 0*isS:#fl.«r, E^fflSl5 a HS^diS 
*ifcJ*v>»#R6 L2 i3J;ra^I#:l6 Ll 

coEv^EUfflrf 5 a^iVWOftv^EttfflWS brt^C 

(i. "ffl<0/£v^EiBlffl*5 a lie u -CSa62^ iplco^v^ 
E*§tffl*5 b \$? >rxT>miC VDSfCJ: $ 



(8) 
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[0 0 4 2] 1HKIM4 a±i:ii, Wx.lf->'J n >fl 
ffcR.4 bl ±C y'J =i >SffcKJ: 0 ffv*RJl **f-j-& 
ijtyij n vR4 b2 **BJ££ftfcSWJ«*R4 brt*® 

L2 S l±Si&SfrR 7 C2£C u &<D&WU#T?m& 

>S-ffcR4bl *x-;f>WF^<*i:Ufflv^8 
<fc>"j3VR4b2 fc-xy-^V^L. ^<Of£. >"J3> 
SffciR4b2 ^X'>fV^lTRit^o 4r*3. ffv^ 
fti6L2 ifcl±aa*ftl7C2 SrCu*Ja^<0*« 

y'J3>Htg4bl 12:&<T*) 
:^if B miI4 b<0_L«fcti\ ffij&^fc^Elft 
ffli5c, 5d«^titv^o EUffli5c, 5 d 
C0gi£li, |5]—"e**5. ffilx.tfO. 3-1. 0 fimmm. » 

i l < iio. 6 ^ mmmx'&Zo ttz, m&mms c<dt 

Mfcl±. OTxtfO. 1-1. HB»ffl**WR* 
A»*caftiLtrC4:«:#Jti--5i:0. 7 <fc *3 

tfO. 5-2. 5 SK, E*ffl*#R* 

fcl. Si 1 ) i*3v*#**#* Lv^ 0 BMfcS"J 
3>R4b2 f±, WilfCVDfet'Ml^TEOS 

(Tetraethoxysilane ) R*&vMiSOG (Spin On Gl 
ass ) RtMMESft&o ftHW^SOGRtfflv^C 
ttE»H<0Si*ft«t^ [|]ftO»fftSK*!iO-tS 

[0 0 4 3] -^OE*§iffl*5c, 5dfii:l±, H1&J: 

vaeustJ:^^ «2«e*9 l 

JS-ejBtiKStLTv^&o £<Ofg2/iEI&9 Lti. T£Pi3i 
VfflllB^ffiJtW^Wv^fltfltg LI **>f*^S#R 
9 LI Km$ ttfc*WW^ffv^*#:R9 L2 fc"CfltSE5 

[0 0 4 4] »v^Sft:I9Ll li. ^2lE^9L^i 
Bfll£*ftR4 b ^0^14^Fp]±^-^^^tg^ff v ^^ 
9 L2 0«SEW : F<OiS;tt«:«I«I't&^^y T$lfg£f#o# 
^t,4»), ^ V^rV, TiN, T i > T 

a, WN. WSiN. TiSiN. TaNitliTaS 

i N^i^i&o 

[0 0 4 5] *v^#R 9 L 1 HV/Xr V«f "CflMfc 
Lfc»*U(±. TiN, Ti, T a, WN. WS i N, 
TiSiN, T a NifctiT a S i N^"ClSf£; L^^- 
Uit^TEiaja^l&T - ^ #K 

19 LI ^ ffJitfT i N-Cfi|j£$*L-Cv*&o 
[0 0 4 6] Sfc. J»v>*#R9 L2 «±, fS2HEI§19 
LO^frtfllffi-t-SSBW^* *5> 0Ox.*f A U Al^ 
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9L2 tCuSfcliCu*4t**Lfc»^^ Al 

itzit* l it^-cE^sst* 

9L2 tAli/:^Al^i«U:t^:^f 

2JiES§i9 L^EMSta£ft±£-£&- i fc^'ffi'fc* 

[0 0 4 7] fc*:L, ifl2JiEI&9 L^«atfcEI 1 J3 J: 

era 6 Lfc«fiKffijfe* *l& t o-c(i& < SOS 

9L2 i3i:t;S^I«9Ll (0_tffiK* * * :/**R 

T a. WN, WS i N. T i S i N, TaNifcliTa 
S iN*<OJ:^ft^ l JT«ffiS:*i--&tt»**?>**o - 
coflliili, fv^M9L2 JCuifcliCu^ 

*<OE«*t»i:J¥ v^M9 L2 fc * iglSStti S 

Rg&j|Kft4 a <D±ffifcli*J— Sfcl"* i "5 KJ5v*ag#R6 

[0 0 4 8] ffiGOfifii^ L-C»2»E»9 LS:I*v^flt 
R9L2 <o*-c»*Lfc«iS"e*)Av^o i"^^^>> »^ 

30 v*S#R***v*#;ffilwi3^TJ? V^$ffi9 L2 0±ffi^ 
^^^^SfrRSR^fcaiai^fcA^o i^flliitt. » 
liRSE*tL»v^. ±»<oE«*f»i:^H«^ *<OE 
iBl#»4:*v^*#R9 L2 i: ^-^^> t 

[0 0 4 9] i<OE«ffl*5 crt*w®jatSHfciS2JiE 
IS9 Lti«affi*#Si$l 0CiICT^liE«6Li 

*3«;a9n«*sftt:v^o S^ffl«^SBi oci±. *<o 

^tJS43 b **E»ffl*5 c ^JicB^^*lJiE«t6 LO±ffi 

/1E3I9 LO±TffiS:jrffl"*-&J:o^»2«E»9 L + 
H^toLTv^o «^?L8 bOfigti. «x»f0. 2-1. 
2^mSJS. 5fiL<ti. WliLtfO. 4S«"C*4o * 
fc, «^?L8 bor^^^ hJtti, 2-6SJS. g^effl 

J: 0/hSv^t**«aFS Lv^ 0 «r*5, MfMlOC 
0±ffi^$li> ^2SEI^9 LOiiffiiiS^. 

so [0 0 5 0] lOCIt ^OTSBiB J: tfHO 



(9) 
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»0«#WK*v*#fMRi OCI t, »v»I#Ri0C 
1 HH4*t7t*JtWU*^*fltBtl 0C2 t-e*j«Sii 

■cv^o oci ^^fflis^gsi oct 

Ml 0C2 0«ffi«^t£»t«IIWi-4y<"JT«l6t«F 
o#3pf*t)4 9, fllxtf* >^*x V. T i N, Ti, 
Ta, WN, WSiN, T i S i N, TaNJ/:liTa 
S i N«fri*e>4&o 

[0 0 5 1 ] *v^#R 1 0C1 *9 >VAT>%Xffl 
■jSLfca^Ktt, TIN, T U T a, WN, WS i 10 
N, TiSiN, T aNSfcliT a S i N*^«j£L*: 

iMioci «x.tf* yrxT- >xmi&ztix^ 

%> o 

[ 0 0 5 2 ] * fc, V^Rl 0 C2 14, a&fflVtt 
»7CW*#*r«j«t-&»#T*lJ, WittfA LAI 

*? >?*t C u *tz\$C 

0C2 *, Wic tf C u i fcliC u ^-etat* i 1 1: 20 
J: *K A I, Al^i, 9 > f > £ tz\± 9 > r 

C<OEMStt*|fiI±S«Ct*t|-&o ffv>g#Rl 

0 C2 £A 1 S *:J4A 1 Lfc»>&Ktt, * > 

ft&IM 1 0 C2 >iT7s7->itz\t 
^>* r ^-r>^"C«J«Lfc»'&twi±, a&%#Ri 0 
C2 £A 1 SfcliA 1 ^&^«j£Lfc%^KJfc^T&^ 30 
fflaiffffil 0 COEM»tt45J:a p SMH-tt*[fil±S^-6 

1 K±5V*TI4, JPv^frRl 0 C2 36*, mz-\$? 
•ryXMf&ZtiX^&o 

[0 0 5 3] SMffittR4 b Kf±, ^-co±ffi^C> 

m 1 J1E»6 L<0±ffitc|p]^oT^?L*fL» 1 JBBB»6 

»K £OSM*?L8 c^t4«ftffi«#ffil 0Crt*Si6i&4 

#Ix_tfO. 2 -1. 2 ^ mHJS, »SL<{4, «x.lf0.4// 40 
mgStiSo ifc, «M?L8 c <OT**<9 hJfc«4, 2 

t*t&i 4 8SJ: 0/hSvCii«ffi Uv^ 0 -<7>S*t 
JHgftffilOCWt, «iil4±fELfcOfcm 
HI Tii*2«Bei»9 Li(±S:«»«*tLTv^v^ 0 *: 
£L, Stt?L8 c K&*i£tfS«ffl*#:« 1 0C <DW^ 
V#Rl 0 C2 *J:Of»v>»#|Rl 0 CI 0*J«#fl. ' 
*> 8M*?L8 b^Sa6iif*ifcttjttfflaM*:ffii OCOff 

^i#R 1 0C2 &zu*m*0ntmi oci 
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[0 0 5 4 1 **:, ±m<Dl&WXl*mmm 5 c, 5 d 
F*iOl$2/lE$19 L36*m-*ffl-"e«48S*L-Ci/^»^U 

x.tfE«flJ« 5 dKSa&&trJP^2»#JR9 L2 fc.fcU'Sf 
v^iM9 Ll <0«JSW»«r, Ei&ffl?S5 c fcS«>i&i 
tife*v»»flc)R9 L2 i3J:tf«v*i»#R9 Ll OfSiStft 

^t^mm^mmm-cm&Lx t> £*u4, mx. 
tf*i<aj£v*Eiftffl* 5 c *5 i zrm^^Mmmm 5 d f*i 

* 5 d £^Ka#^&v^^&£OT% f^f^ 

mo&^mmms c f4c u -ea*^. (>b<£>«& 

^EiafflSS dli^>^f^S:CVDSfi:J: ^a 

[0 0 5 5] HMIKttBU b±K«4, ffl&tfSNIffittR 

4 b tWlffiK^tis*) 3>K4 cl^BMbvU n>R4 
c2 tr«jSSfttlH««R4 ci»MSfttv^ 0 

"itf5'JiPfltt»JR4 c OifflKti, |!(?5jHrSfi«ffli 5 - 
e, 5f^M$tLtv^ 0 E^fflSSe, 5fOgg$ 
ra—" «lx.tf0. 3 -1. 0 /z mgS, !tfiL< 

(iO. 6 fi mSft-Cab^o Sfe, EHffi$5eOT^^^ 

Sfeiitfi fc to. 7 X »9 fe/h*v^A*»S L 

tfz, E^fflr»5 f cor^^^ h Jtii. mtUXQ. 5 
-2. 5a«. E«ffl##«*A»^a*atrti:*#J« 

[0 0 5 6] -^cDES&fflff 5 e # 5 f rttcii. H 1 
tJ:^i:, m3/iEI§il 1 L M»a4 fLfe«»TJK* 
S*LT^£ 0 «ro^3^E^l 1 Lti, TIB* J: VfllJffi 
OffiWM^»v^#JRi 1L1 fc, fOSv^iMl 1 
Ll HH*ftfc*W»^*v^ii#:Kl 1 L2 t-CfllffiS 

[0 0 5 7] *v^fls:R 1 1 L 1 14, * 3 ©E*a 1 1 L 

ffil 1 L2 0«jS«[^lilk«:iqijWI+*^UT«fiB«: 
Jfottfl^?)4 5 , «itfr/^fv, T i N, T 

i , T a, WN, WSiN, TiSiN, TaNJfcli 
T a S i N«f*^4* 0 

[0 0 5 8] »V>3g>ft:J]|| 1 1 L 1 S: ^ > 77, f >^Xffi. 
fiELfc»^tc«4, T i N, T i > T a , WN. WS i 
N, TiSiN, T a NitzltT a S i N^m&Ltz 
\z ik-<x E^ffifeL ifiTS^ik i)^ m t * h o 
3Tv>ii>ft:Rl 1 Ll Sr, T i N, T i , T a, W 
N, WS i N, Ti S i N, TaNifcliTaS i 
-e«^L7t:^^^(4, #£VHttilkR4 c tcoSf^tt^ 

H»03B!S 1 iwi3v>T*4, Sv^fM l l Ll 4V«i. 
IfT i NtMStLtv^o 

[0 0 5 9 ] Sfc, ilv^S^Rl 1 L2 (4, ^3^Efet 
1 1 LO*#S:*jffii-*»BtJ"C*i), «x.lf A U A 1 



(10) 
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Ml 1L2 *CuifcttCu*£-C*«Lfc*S-Ktt, 
A 1 iJttt^^^^vrfll^L/i^j-jt^E^g 

^T^3^@e^l 1 L<7)EM»t££|Sj± » £ ^ 

T14, Vt>«#Ml 1 L2 j&f, «ilfC uT*J*Stl-C 

JO 0 6 0] /;/iU g3^Eigll 1 LOflfjgfcHl K 

0, 09xl4*sfrffi|glJf @E||6 Lt*gi9iL7tBI3~05 k 
^«SfCLT4Av» 0 -tfcfc*,, J?v>?S:^Kl 1 L2 
iJitf^v^^i l Ll ©±ffifc.*+y £ 

nr^J)iV«iMniN, Ti, T 
a, WN, WSiN, TiSiN, TaNSfcttTa S 

*a»±, *v>»#RHL2 ^CuifcliCu^ 20 

SlOlSttf S e> Kfrii $ - t ^pj^ t ^ o x Vl 
ff-C, f^EfiWtfv^ffii ! L2 

1 1 L2 »±ffi©*fcK»t*aifltfc LTfe^ 



10 



[0 0 6 1] tWilt LTS3SIB^1 l l*. 



itmi 1 L2 ©*T**Lft*j|TUV'. 

W*v»*#Kit^*itKiJv»rE«ffl* 5 a Oiiim 
***r*#K*»»tJfc*jiTfe&v* 0 £<0#jS»± % iff 

«#»i:*v»j»#Kl 1 L2 i*ttigg=MS 
fitOJlfv^^i^jft $ ttr L S 9 <t -5 M L X 

lo o 6 2] znmm.mm5 e, 5 if*az^m^nfzm 

3«E*1 1 Ltt«*MI*fMU 2C*atT»2*E « 

i9Lti^ t :gi^ TVlio «^ffl«#g|51 2C 

-e-O^SB^iaftffl* 5 e . 5 f <0&aj*&$2j| 

CO_tgB(i^3^ie^l 1 L^±TM*»ii1-^j;^ { c 
14, «*tfD. 2 -l. 2 A mgf, »t L < 14, ffifxIfO. 

i ^«:*lt1-4fc4ajtJ:»>/hSv»ii: 3 ft»j!fiLv» 0 4 50 



30 
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( 0 0 6 3 ] .«M»ff«|S.i 2 C J4, -tOT-SKJ-Jrcrill 

s5«9ffiw»^aEv»3i#jKi 2 ci t, m^#mi 2c 

1 KHi*tfc*atfi<|fcffv>aMM|i 2C2 ttMJ^i 
TV»*„ *v*ftjRi2Cl 14, 1 2 C £ 

mi 2 C2 OWJSKlH^Wffitktjqmi-i-iyti; T«fg£^ 

P, £ 09*.»f* >?x-r> y TiN, Ti 
Ta, WN, WSiN, TiSiN, TaNftliTa 
S i N^e>£& 0 

[0 0 6 4] Sv>if 1 1 2 CI 
*Ljfc*a-fctt, T i N, Ti, Ta, WN, WS i 
N, T i S i N, TaNifcliTaS i N^fM(,t 

2 CI ri*, Wx.HT^^^yrfllJSSft.Tv* 

[0 0 6 5] tfz, m^fcmi 2 C2 (4, 
ffil 2 CO*#t««t *tt*J"T?*»K fllxUfA 1 , A 

C um»i t iftg^^#^e,ii 0 jpv>«#|l 

12C2 «*»*CuSfcttCu^£-p«j5R-r4££ 
A I , AI^, *^r?*7->-£tz\±9-sirz. 
t >&&x-mi& Lfc»^KJfc^T»K?lJH*flE« 1 2 C 

1 2 C2 A 1 ifcttA 1 ^r*jSLJt»-e>tr»± % ^ 

^■C»ttffli»#a5 1 2CO«SttfiT**4ii:*nirtt 

£&&o tit, J?v^#Kl 2 C2 

(4 ^ > ^ t- L «v««#fl| i 

2 C2 * a i sfc»±A i ^x-mmLtzm^^zit^xm 
^7->xmm^fix^i> 0 

[0066] ttz. mmmmm4 ^<o±m^ 

"2mW.&9 LO±ffi»C|Rj*»oT»?LS*t»2*Eai9 
LW-ffi*»*mi-*J:-5fc»Sl3L8 e*»*?LS*i.r* 

WxfcfO. 2-1. 2 /« mgil, &i L<»4, «Ali0. 5^ 
m@ST**^> 0 ffc, «^?L8 eOT^^t^ hJt(4, 2 

fflS^SBl 2CI4, **li±|ELfc0^rat-c*4*» 
HlT-f4^3^E^l 1 Li:l4l£S«^$^TV^vs 



/ 



/ 



t4 
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ffia&*Ett»»**1-*E***fc* S^fflSftSBl 

oc, 1 2 cra±**»f^oE»Jita:aL>tttS"es:v> 
i 2 czmmmmi&%v> i o c tra t«fiEttfl-t?®«-t* 

S^ffl^teSB 10C, 12 CM ^&£i$£Mtf 
»"C«JS S 2 BEMl 9 L £^ LtIS Lfc»£*fc 

[0 0 6 7] fc^fL, *«?L8 e *ca*atr»«ffla»flc 

SRI 2 C<OJpv>2g:#jKl 2 C2 isJtfi^SfrRl 2 C 
1 *>«ia*m*. SSc?L8 e ti^S^JBSfr 
SB 1 2 Com v*S#Rl 2 C2 is-t Cf»^ai#Ki 2 C 

[0 0 6 8] $ Tfc. HI O^fflOg^ffligfrSB IOC, 
12 CW±0««*ii*\ H17 K*i- J: d K, «3i.E " 
j»l 1 Lfc«l«E«6 Li:«:«Mje«R4 c, 4b4: 
fffi"*-&85«?L8 el rto 1 ooglilfl 2 C*a 20 

[0 0 6 9] «ra*«R4 c±KWU flx.lf«nfiSR 

4 b fcH«tC^t->U rr >I4 d 1 iiBMLvy ^>K4 
d 2 i:-CfllffiStL3t«Kj»«R4 d S*ltv* 
So -OJf H*frfiR4 dOiffiKli. «4JSE&1 3 L 
a*JBj£S*i-CV** 0 fMSEttl 3 L, 1 3 Lfi. «x. 
Jf A 1 ifcliA 1 ^f)^^ !Hffiil4 d Kgs?L 
StLfcfffi!7L8 f , 8 f *SCT-€-*L-F*LT*<^aS3JB 

e«i i L^i^s^ffl^as 1 2 ctm^wtcg^^ 30 

[0 0 7 0] ft±<7)gl4Jf SEij&l 3 LOMWt L 
T, finjxtf A 1 irtrtiA 1 -S^^Srfllv^fcC: <h tci 0 , 

$t&& b i> & # > t 4 v^y^t^iftf^^n 

*±OE«tt«.*ti£*^c > fflv^*tTv^A 1 $fz 

• BB«WWwfi«8fb*ita-r*ii:3&»pri!gi:ft*o 
[0 0 7 1] C<7?S^?L8 f coiftSti, 00*. 1*0. 2 -1. 
2^mfIJS, ffJUIt Wx.tf0. 5 ^ mgJST*-6 0 
Sfc, SSf7L8 f <DT*s<? Mfcli, 2-6@jg. 
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aiffcgn 4 c#i»aintv^ 0 SHx;iiv#ffii 4 c 

l±, *OTSB*itr««0**tW^J»v^flcRl 4 CI 

t, f?v>2i^Ri4ci Kmttitzmm^m^mfcm 

14C2 t-CfllfiEStLTV^o &jb\ :o881|ft;i 

4 C li » 4 Jf E*l 1 3 L tIILtliv^4^ 0 

[0072] «^4t^R 1 4 c i (±, mwtmmittt 1 4 

IMl 4C2 W«J«lR^ffitk*«I»J+&^ , J T«1IB 

0, >^^-r>, T i N, T 

L T a, WN> WS i N. T i S i N. TaNi/:l± 
T a S i N^^^r^o »v>i#R 1 4 CI * * 
7~ y^^m^Lfz^^^li, T i N, TU T a , W 
N, WSiN, T i S i N> TaNJ/:liTaS i 

jS$tLT-V^o - - - - - 

[0 0 7 3] it:* ?^|#R1 4 C2 l±. &RjB«#: 
SRI 4CO*ff«rf»jK-r-6aB*j-C*l5. fllxtfA 1 . A 

& & JJv>^#J5I 1 4 C2 t'A 1 *fc«± 
A 1 ^T'WJSLfcW^KJi. 9 >yA-T>itz\±9 > 

yxf->&&x*mj&Lfzm&\z)t^xmffimmitui 4 

Ml 4 C2 >y7s7->itz\±9 >yxT>&±x 
*ScL/:»^t:ii, Hv>S#R 1 4 C2 * A 1 f jfcf±A 
l*^*J5RLfc»*ICik'<"C«ttffl*#:«l 4COE 
MH-tiis «t V S M1M££ § * s z t pffg t & & o 
S5)C, JpV^ag^Rl 4 C2 >yA7->*tz&? > 

vxf->&±xmj&LtzWi&!<zttm3mm®Li 1 l^* 

St^C u i:^4®E^l 3 LJMt^A 1 ifc(±A 

8 f !<zs^)Tmm*W^tt&*t&#>&ttZtlz± C 
u*#fl--C**S*LSJB3*Ei»l 1 L i % A 1 *M 
T*1#«^^S^4^E^1 3 L fc<OEK*HMrc* SO 

*HJfiOBS§ 1 Ki3V*Tli, Jpiv^^R 1 4 C2 ^ 

[0 0 7 4] *H*fiiftR4 d±^li. SiBftIR 1 5^ 
MJ&ZtiXi**)* ;W:J:ot!S41EiRl3LO$I 

5 a±tZ«SRl 5 b^a^S^^^T^So ftSRl 
5 a(i. CTxt^S i 0 2*^*1}, fO±JSWftlRl 
5 bli, OTx-lfffl-ftvU 3>^£>&&o Sffiftll 1 5 
O-SBtcti. »4«Em 3 LO— «rt*Rffi-t* J: ^ 4: 
BBPffl5 16«^tiTV^ 0 ^4J1E^1 3 L Kisv* 

ciopapffi i 6 frbnm-t-zs&fri*. #>r<<yy 



ftffiW- 1 1 - 1 3 5 6 3 0 
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*■ - v>?) - HWttftft $ ti* ± -5 K ft o r v» 

<2>o dOjK^f-f KSBB P±UTifc&jg 

-4 d.li, fllxtfSOG (Spin On Glass ) &X'Mf$.2 

[oo7 5j *nm<DMm i <=o**^*»hik^ 

fi?>§!5it*ft£III8~l2Il 8 CiotRWti. 

[0076] s-r, m-#*|.*»?,ar4aji,a*E«io3B 

«*ft*H8-Hl2CJ:oTRBt4. iir- 
«±, *1*£«6L, #2»EH9Ld3J:a'»3JBE 

1 1 L<7)ffi&nmc%<Dx\ mwzffimz-tztcit), „ 

[0 0 7 7] BB8»i«i6lg«t>KUtt4*?||fr|l«III» 

3 n d) .*»»im-*J:d4ri6«?L8 a #7* MJy^5 
y 4 &m& itCK^-fiyf-v i o TgEICSS^l 

SfLTH*. 46, *mifeitlK4 all, Wx.lSi'V a> 
SMfcffil* SOG (Spin On Glass ) jR, *8WSU 7?gg 

*itiT«i»iif j.c,4 4a inieti4 all, ffl 

x.l£C VD (Chemical Vapor Deposition ) j&IC £ l)if 
WSftfc->'; 3>KftJRS:, CMPS^Ci 08fS1"S 

£ tic 10, *o*ffi3i»^ffl^s*tTv»i 0 

[0 0 7 8] «i,»t, H9K^i-j;^ ffnjgJuu 

aO±M, Stt?L8 a Offiffi* J: tfiSffic, m*.\i9> 
(W) **»fe***v*ilMMR7Cl ****** 

'i^^fCiottffi,,, £o»v>g#: l K7 ci 

ft^fv>jt#i7C2 ^^^O&ffcfrjqifij-f*^.; 

6 «>Ttt& < S^^M^Ttg-C* t> , «^.tfT i N , T 
i, Ta, WN, WS i N, T i S i N, TaNSfcll 40 
T a S i N^-Ci^ 

[0 0 7 9] ^f, *t"*#K7Cl ±K, fllx.!** 
ioTtfti. -*.IClf), 4KiNll&«a?L8 aftK* 

C2,i > 9 > r*7->mtzm7E.£tiz>i><DT'i*%<m* 

ftEWC*^ «x.t/A l t tilt A l^ifnt^tk 
C VDttKHjgSfLSfco-eijfc^ 



30 
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[0080] tzfzL. m2®&m&±vm3mmmzis 

v»r»i, SKA9flcflsi oc, 1 2C (EI1#B3) ff)jf 

»m&m<oj&i&mt lt, ±BLtzum--<om.iz. c u 

[0 0 8 1] *v»-c, fiftifilc^Lt, 09 A liTC 
MP (Chemical Mechanical Polishing ) MS 4- fig-? Z 

a±O^V»j»#K7C2 6it;S^M7Cl 
-faciei I), Hi 0 Cff J: ^ ®^?L8 artic 
7 C 

[0 0 8 2] m^x, m 1 1 izm-t-x ? ic, jinjfijHR 

IR4 ag|5^-«r^*i-Si ttcj: »}, i^tl 4 a «± 
ffKEfefflff 5 a £ J: UtEJMlft 5 b (01 #hs) *jg 

K«ffl*5 a«t»Hlijfcc®j«Lfc»« 

[0 0 8 3] 7* h U-v* 17 a* 

R*Lfc«, Hi 2KfH-J:^K, E^ffl*5a*^tr 

ffiK, «i(fT i N»*&«r4»v»j»#K6 LI 

1 l±> *HEIi:fP4M4at^iM[6l±? 
T«ig*jfo#3H-*»^,^l9, t i NICKS ZtiZ i> Of 

i > Ta, WN, WS i N, T i S i N, T aNifcli 
T a S i NfTfeftK . 

[0 0 8 4] #CV^T-, ^V^#)g6 LI ±|C, W£lfC 
u^^(b^^jyvv^#:K6 L2 4-CVDj*, ^/t-^^ij 

mp^mittr x-"<7>*m&±mn.x^z> xt**,*-,? 

'J >^S**igLTv^o ^WJpv»*-ft:^6L2 l±, C 

u ic|?&S£;?t.& i«o-ei±^ <a-»^Mn]-Be-e^> -plj^ 

IfCu^, Al, A 1 i'V^fVS^lii'^ 

[0 0 8 5] ±feL^gE^fflO^^Sr^.y>--> 9 ') >y 
ft-C*KLfc»-ft-KI4, #|c, «v»r, *#^*«l|c 
WLT|ai!i S $ r }|- ri<!: |Zj: IJ, fv>IM6 L2 0# 
AJR^ WitfCu) *«»S*TEli*5artCf 




* 



(13) 



WIKPF 1 1-1 3 5 6 3 0 
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ft^KfflLttiv^ £ *i <b K J: *K CuEI^EM# 

[0 0 8 6] KitL-CCMPjfiS 
iitittUD, EjB»»5a,5b (EI 1 #BB) & 

*«t V»^aifrlR6 LI SrBfe*1-*ri:^J: 0, 12f 
K^Lfc*l«Ell6 L*MJ&1-Z>o io 
[0 0 8 7] ^OCMPMSf^i^(ii[iSttr^^*ft:* 

fc-^fc#HSti:1-*o ^iOCMPjEILIt^iailg-r 
{i. ffv*zg#JR6 L2 <OC u OfijSgSrffijt S-frT EM 

6 L 1 *5 <£ tfffV^frJBt 6 L 2 (OmWizgi £ 

[0088] >kK. m-<DMft&&m*mKmmm&tf 

»*»fe4r*a*a*E«S:JBja+**tt*Bll 3 -Ell 
8 i:i:oTlW^ 0 iftfi. ±IELfcH— ESUBrtK 

[0 0 8 9] HI 3 li^^ff^aEIKRBOttjSUl* 
OJiH«»R4 aCO^S|5^ftlHr*$>4o 9Mffiliffi4 a 30 

J: v K7 >f -x. 7 f- v ^aWK J: o rjgfiS; * tt-Tv^ 0 
[0 0 9 0] 3*t^T. SI 1 4 Kg^f J: -5 ^ EHffliS5 
a *^tr JIM *£i»JR 4 a^*ffitc. #Jx.tfT i N^2*<b 
4-SS^i#l6Ll * V >^S*i:J:orit 

art-^o :^Sv>iffl6Ll &lJSE&£«figtt 
*tJgl4 a fcO«»ttS:fpl±S*-6«ffi^JJv^#RO« 

*K T i NKR5e£;H& fcco-Cflft O^SSSpTfcgT?* 
*K Mz.\X? T U T a. WN, WS i 40 

N. TiSiN, TaNi/clHaS i NfTtiv^ 
[0 0 9 1 ] t<D^ S^a|:#:R6 LI 0Ox.tfC 
u*?^fe4&J?V^ft:JR6 L2 JCVDffi, Asiyf) 
>7feitz\t* v^rftf t;j:ottft^ 0 :<7)Cu| 

JSv^frR 6 L2 ti. C u KffifeSft* fcO-Clii: <St 



50 
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9>7A7'>$tz\±9 >^f>^tt^ 0 
[0 0 9 2] ±KLfcE»lfflO*#:ffll4:*y<y * >j > $r 

(WxIfCu) tJEttS-errEltfflWS art^-t-0«jfi 
HSCOV>i*ii*v *4vM±-€-(0 2oJ^±S:jB.^fc-ti:^: 

[0 0 9 3] «v*"C\ WLTCMPM 
*Jfr*£i:£J:»K E«lffl*5 aJfim^>«*^fi*t&« 

Ll*Hft*-r&ii:m: 19. II 5t:fti ^ tc. E£§t 
Ji5aflt:$l@M6LtIIt^o ~" 

[0094] c^cMPtoaftSfe«±«kaffirtw**#:a6 

#*#Ba<O^T*i*** **vMi-€-0 2ojaih*:a^ 

*>*jt#Hjtt-t*o ^ o c M P ftltoiftiigr* 

li. Sv^#R6L2 OCuOjSjfifitM-'S^TEM 

lttt£ra]_t£-££ 1 1 <> CMPiiiB^fv^M 

6 LI is *XW5v**B:jR6 L2 o^ffiH^tfcfflflf^K 

[0 0 9 5] *<0|fe, m 1 6 <t -5 JHH&IKR 

lifiS^ffiv*E»Jfl*5 b £7* hU vtrj? <ii$ffi& 

E^ffl*5 bOgH^li. Ei»ffl*5 a fc|S|— Av^ 

&®Lmm 5 aOgg^ tti^4^g!i$tzlS:SLT fe A 
v^o OTx-tfEl 1 7 i,~7f;-r± n ^E»ffl«5 bcogg^^SS 
^ffl?t5 aCOg^^J: ^ < Ltiiv^ E 
$Lfflj#5 b {itaJiSfcv^*, ggv>coT*Eiaffl^5 brttcS 
ftftSft&*#KOEi»«tt*fiT*-fr&i ii^IBi: 
4 4o *Sv^iE«ffl«5 b ^iSI< Lt, T*Ei»«* 

[0 0 9 6] *v^"C. ±ELfcOi:raai^, EiafflSS 
art<^*lliEa6 L<0±Ei3J: tfEiRfflWS b Sr^tf 
JlMlfii»a4 a^Sffitc, > if A t 

CO»v*aS#Bti±. *lSE»i:JlMi»»lR4 a iifiO* 



(14) 



1 1 - 1 3 5 6 3 0 
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T i N, T i , T a, WN, WSiN, T i S i N, T 
aNi/;liT a S i N^T* 

[0 0 9 7] m^X. *-cOg^j»#K±K. fflx.\X9 V 
if 7 t- t> & & CVDttfCiott 

z<o? >yxf->i$<Dmmiz&\,*xi±. Brat* 
S5aii) i>wz^mm.mm5 bX't>*<Dft$Mz&ffi.Rim 

mX'&IO, mz-\Z9>yA7-l"&^ A I tfzltA 
[0 0 9 8J i*cv>T% ¥g#*«l l^LTCMPM 

imi-ztiia*). mm.mm5.b&w-(Dffimzt}\,-y2,m 
^#Wk&jLu t m^mfcmzf£i;i-zz.ki l zi; mi 
8 izm-t x i iz, m&mm. 5ain ^s<om^m^LmM 

5 b fH EigUfi^ 5 a ft<DW\<*M'fc& 6 L 1 j3 «fc tflp 

6 li isxvm^m^me L2 frt>%z>mimm%L6 l 20 
[0 0 9 9] z.o£itz. *mmvi&m 1 c i *ux, m 

[0 10 0] (l).ii4««3L8.a-8ffll:GVDtt 
.**fflv\T*fl:R*a:*l,fc«K\ «^?L8 a - 8 f «t 
<0 * 5 Fffi'*ffi©*3«:BRfli*5 a- 5 f ijgjfcU 
OE^fflS 5 a - 5 f F*3tc^#:JK^^cttt-^ vl t TSai) 
^^■Sitco^ 1 ^lEH 6 L , 

Ki9L, l 0 C, £3*£*1 1 L** 

O f »«ffl*#«S 1 2 C LfctiCtO, WMmm 30 

5 a- 5 f fiilf-tJtJ: t) 6fRJB&&a?L8 a ~- 8 f <D 

[0 10 1] (2).R-E«W|H-+teOj|«:*iE«ffl»^ 

ttiM D 

KSafc&tf £ t >6^SI i & .5, „ 
[0 10 2] (3)._LIE(1) *>fc»i(2) KJ:iK 82HUfi?fl 

[0103] (4).±te(i) i/zu(2) kx t). m&mm. 
vmmitimm-r&z twits tb& 0 u:#ot. ^ 

[0 10 4] (5).±ffi(l) ifcit{2) Cil), gtLvft 
**«JH-f4£fc*<, SEUffljgS a~5 f&Jzzm* 
?L8 a -8 f li&ftmi M.mzjg.ib&trZ ttfal&t % 

[0 10 5] (6).±f£(l) 4^14(2) iz£ *) , a&E& so 
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LtC u 3 £»±C w££l£&m\,*tzWi&X-H:<D 
[0 10 6] (7). 1 

7 Ctg^Sfta^iJf E&6 LliffiigfcL&C u^<0* 
ftUnx-mffc-f Z Z t iz 1: 0, «^?L8 art^^SffM 
oa»ii*tt«|*Jl»»c«*,oo, C u I? O^f f$S 

l. xm^-omm&SL % raj± ? * ^ t ^ njfg t * 0 

[0 10 7] (8).f±0^41Eil,3 L£A 1* (A 

nig t* * a-t ^. £ t tf-ssm 1 1£ i, o 

[0 1 0 8] (9).A l*fl5*ipWfi.*e,«rs*4JiEa[ 
1 3 L t-E-OTJf OC uXO«flc#^^!Q:«||!;3||e 
Ml 1 Lt«KC^>7af >^<oiM^*f>*4i 
4C*tt»tfc£fcK:J:'»K AIJCfM 
fi-t C u^O^#:#^|-t Sr'jf vv^'J T * 9 frX-MMX-^ 
Ztztb, A 1 C u^OfMttt 

. [0 10 9] (10). Cu*ofc###*ibar < &S»&* 

*® £ if e> * tc -f Z> i t c M P testis -f 4 igif^ 

<b * * SiigE^<o««e ifij _t s -fr ^ t bt 

[0 110] (^JS«33g®2) HI 9-i2 3i±3z$tm 

<v^nffi<Qfcmx-&&¥m#&ffi®$&mm:<ommj:m. 

[0 1 1 1] *^M<OB.®2 (Cijv^rii, SJaffl^tegB 
«>*«4JJ:tf-e-©3gjS*ttA«i|(rES6ttO®]R-l 

[0112] sr. mi 9tz^-Tct9^. *m«iKR4 

7 b SrJBJffiLfcft, f07^ 7 b 

[0 1 13] ^V^T, 7* h Uvx h^N*^->l 7 b£ 
H2 0^^1-i dtc, ^Fb1^M4 aJiU 



(15) 



mW- 1 1 - 1 3 5 6 3 0 
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ticSHLMl&FflOy * M/y^F/^-Vl 7 c Sr^J&L 
fcft* -to 7 * h I/y^ 17c Jx-; 

&JHIQJ&4HR4 a^»?Li-*o 

[0 114] -toft. y*h F/^->i7ci 

x.\z9> it ft zmmmmfcu 7 c taw c 

tih *> GOT- lift <«^S£Mnrffi-C* *K 0!lx.lf* v 
t* AU Al^Ti^o 

[0 115] ^"C, 122 H^f <£ ^ EHffll5 
a Sr-&tfJtWj»»lR4 a OSHis J: 7 C 

<7)SffiSIi:, «x.»fT i N**?)4*»^iM6 L 

&R6L1 ii, l«EiRl^VmffiiftJR4 a £<0SMH£ 

T U Ta.WN.WSiN. TiSiN, TaN 
ttz&T a S i N^ttAK 

[0 116] «v>"C. >V^R6 LI ±fc. «*tfC 
u«P*^4*J¥v^#R6 L2 ^CVDS, J*/W^y 

*ITV& J: d * U >7Sl^SLtv^ 0 do 

f^iM6L2 Ji. C u KKjgStLS fcOT'li^ <« 
^fEMnTi|-C*»?. Wx.{fCu-&^ AU A 1 

[0 117] ±ELfcE«ffl<Oi||[#lBl*^^^ * y 

H^tf>v*r*L*N *&VMi*0 2o&Jt*a*^;h-frrt: 

[0 118] iRv*-c, t^LTCMPM 
iifc J: *K E«ffl*5 aJBWO««Ul3»t-6« 
W*fei»R4 a±<Djpvn»ft:R6 L2 ;fe J: tf*v*3|#:R 6 
Ll£Bk*-f*- 4:K i *K EI 2 3 CSti -5 E& 50 
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[0119] i o c m p ait s i j jaisj 

U^S#R6 L2 OC uOJKj£S*<]E&$*TEM 

6 LI *irf^i»#R6 L2 <0*ffiK£fe£fctlflH>M 
4fcR£ft< L-tOSffitrS-fcjHc-t&o Hfl#Kffi|ftBt 4 

aOSffi?fjftS:l»*e«-r&o - tUi£ ^ , E«<£>«K 
14* [&J± $ * £ £ t **RTfiB i: ft & o 

[0 12 0] ft£, C:OJ; *> aaa&*ElilflliiMU m 

2 4 IZTF-fX v g21EI9Lt:SfflLTt^ 0 

"CJgjjESfLfc^ v^^-r * >^^t->^^, AU 
Al^i, C u i fctiC u^^J: ^ ft^^R^^ft 

[0 12 1] iOJ:9a:*IM60JBffl2*cJ:ixlf, WE 
HJScO^Sg 1 t n#W»#Sr»* C t tf*pTte ^ ft -6 o 

[0 12 2] (II(OfS3) 1212 5-13 2.8*3^:^12 
2 9 -[213 2Ji*»W^«0|6*0«»r*i^*flc|t 

[0123] 12 sttsaxa^tc^it&^frftima 

®.®2"CKWL7t*tttcJ:oT. Ei»ffl*5-ai3J:^« 
^c?L8 a**®JfiS*LTV^ 0 
[0 12 4] Si*. i^f I 3 ^iSV^TJi, 1212 6 
^TF-t J: -9 U> artt:, ffilitf ^ ynf>¥ 

*5>45SHjWi#»7Cta«CVDSi:J: i}3gjftf 

7CO±»i«E«ffl»5 a^«^ffi-f*eKt-J5RK 

Wx.(f^ >^^-r >^£r. AU Al^-Ct^o 
[0 12 5] Jfev^-C, M2 7 tiTfrtJ: ^ tc. BSUffl^S 
a <r-&trJSH|j»»»4 a OSffiis J: 7 C 

OSffifrc, Wx(fT i N^^»bft^>?Sv^#:JK6 LI * 

6 LI ii. IRlSE«l2:SnjnilKR4 a iO^^tt^fS] 

T i . T a, WN, WSiN> TiSiN, TaNifc 
liTaS i N^feiv\ 

[0126] m^x^ m^m&m6 li jlk. «x.tfc 

u^^fbft^>ffv^#:R6 L2 JCVDtt, ^^^^^U 



(16) 



««J¥ 1 1 - 1 3 5 6 3 0 
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* vv *#k* L2 -a, c u tcgg^ $ tiz o-cttft < a 

[0 12 7] ±KLfcEIM!©*fl«*.*,<3,^,j i ,^ 

fflUiIv> ° CuE«W>EM»te*|ftt 
[0 12 8] ^v>r, **#ffln KWUCMpfca 

Ll*»it4£t|c^i), IH2 SK^j:^ ££ 

«*#7C*Jg«t.4. 
[0 1 2 9] i«CMPjUIiit| iMit( . fifi 

w^flKiti. i « C M P ftlt^^iig-^ 
»tt*lRlJiS-a-*ii:* (=> CMP&lB$t; Sv >f#I 

saswc**, Wxtr^v^^v^, a i , a i 
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[0 13 3] -toft, m3 j 



[0 13 4] *v*-e, DB3 2C*1-J:dJ=, E^ffl^S 
a *3-tr«M£|ift 4 a J: P£|ftffi«tttt 7 C 

Ti> Ta, WN, WS i N, TiSiN, TaN 
Sfc«±T a S i N$ttin 0 

[0135] «v»t» m^mteme li «;ttfc 

#v»*#Bt 6 L2 Ji, C ufcH£S*L.&fcfl5-c»±*<« 

Mi«u^ Al, A1^4 

[0 13 6] ±&Lfcmj6Lm<D0U$imiz.siy ? i; 
(«i.lfCu) *aG»3*TE*ffl*5 artK-eoflfcE 

[0 13 7] ||v>T, *lMSll:}|LTCMPtt 
Ll£8fc*f tfcj; @2 SKfLti,}: E 
[0 13 8] iOCMPj6a«ifcttfta«H;i|i||#:* 

6 L2 <OC u^&J&g£<Ot£tfTEM»te£|nj_h£.£ 
*^*«=. CMP«Lai*»C»w»j»#:« 6L1 ^icniE 
^*#M6 L2 oaffifc^CfciAfr^BftRfcfc < L-f- 
50 <0*iB*-»e,*K-#-*„ I^B#JC^M4 afOSl^i 




(17) &m¥- 1 1- 1 3 5 6 3 0 
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[0 13 9] $ 4a*S>&*E*M*iiW:, B 

3 3CftJ:^:, *2«E*I9 LKia/fiLT<>&v> 0 
+ 1 ffll x. tfjgiR C V D ffi 

A 1 J: -5 Sr*#IK*&fti«atSroTv^ 0 

[0 14 0] -CO J: ? *3SlfcO»ffi3 Cifttf, «T 

E**OJg» 1 <b m^on^nh £ i: ang-ffi £ ft & Q 
[0141] (^M<DMm 4)H34*5J:U f [2 3 5 10 

»fEI2T*£o 
[0 14 2] *Hife^ffl4 Ufev>T*±, 03 4*3 J: 0 8, 

135 izm-r * n mmmmi^u i c . ioc a**v* 

a»#R7Cl, 1 0C1 -C*tf:S*trv>J6 0 -Tirt)*,, » 
M?L8a, 8 b**W^*#:|R7Cl f 1 0 CI Ta*aS 
fltLSotv^Mti^o »v>»#R7 CI, 1 0 C 
1 ft, «»M*#S'7C"; 1 0"Ci:'*Bj|BJMt-4 a ,4 

TiN, T i , Ta, WN, WSiN, T i 
SiN, TaNJfcliTaSi N^fcfc&o 
[0 14 3] mmiS a<Ou£f£(i, ffi|x.tf0. 1 -0. 4 ^ 
mgS, »SL<*i, Wx.tf0.2//mlfl! , et-&o t 

[0 14 4] Sfc, «£!?L8 b^tgl^ «x.tf0. 1 - 
0. 4 ^ m8S, L < tt, #Jx.tf0. 2 M mgS?* 
&o bcor*^ hJtfi. 2 - 1 OS 30 

[0 14 5] K*t^1SittigI3 3*3i^H3 4 K 

*K W£tfffirlBllffl<7)?BSfil-t?BiWLfeBI3--ia5*c^ 

[0 14 6] iO-t ? 4r«»a*EiBL«03B**ttl±, H5 
IfiHlOfilOi8'-il 2 *fliv*TBl9J Lfc<Ofc|f| 

<h-r& fc^coa x'$>z>o 40 

[0 14 7] ^f, Bffl&MM a t:gl?L 8 a £§£7L 
Lfcffc. *^»NM6*R4 a±KSM*?L8 a £a#>&tr 
J: -5 KSEv*3J#R7 CI ? 'j v^ffiSSKJ: oT 

&*ir-£o IK^T, ^ag&S^Sl WLTCMPftf^ 
ffit:^:<t»). ^-co»v^#R7Cl H*5v>TS^?L 
8 aO«#jafl-OW#*|R*LT\ 8 art*-. 

v^**R7Cl o*3&*P>ft&«fi/B##«7 CiMJSL-t 
h Q -froft, mWHmtl4 at::EiBMift5 a il&OLLtz 

*ojbh«»R4 a±i:E«ffli 5 a *a»atr <t 

^:EWffi^XA7^J>^ CVDSJ/:li so 
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>9*S»i:J:ot8ft-5o 1 \z 

K*5V>-CE»ffl«5 aO««^S|S»i:|!SiLT, E 
^ffl«5 aWtcJfc LtMt^o 
[0 14 8] S^|ffi6 LI Oj£Rft£7t(±CMP#fc 

*K Jf v>ag>f$R6 L2 <DC u <0*2j£g §-£T 
EM»'££ft_h£-tf:& t 4 CMPfeII*i:S^i 
#R6L1 ^<t^i#l6L2 coSffi^^C^ffljg 
^gtffcR£& < L^-OSffi^ri-^^tc-r^w t j&jfft 

[0 14 9] ^<D± o fc#5S«<0««4 K ffiTfS 

[o 15 oi (mm^Mms) nr-3 6 i±**wofoii- 

7 till 3 6 ^^ffifcWBIttSeilOKttifi^lBfffiBI, 0 

3 8 \m 3 7 Lfc4 t *#*«ia»««o««o8ejg 

WI*^"tSJfBl£^:WfffiBI, H3 9 tiEI3 7 ^L7t^# 

tig] 3 9tc^Lfc*a(#jiiaii]»i6so»»ie*»fffi 

SI. 14 2 (±0 3 9<0^*#*StEtti6«<0SaBS:Si?; 
Wt-^LTtlttWBI. 14 3iii4 2co«ffl^^Wi: 
^LfcffiWBl^ H4 4*3*^1114 5«H4 2'^)gE3KWJ*: 
«*Wt-^LfcBiWBI> 14 6-l50iiI3 6 

S^13 6-H5 OtCioTlft^i-^o *!&SfcccHBSI 5 

[0 15 1] m 1 ^> ^1®E^6 LO««:#fl-lc«±. 
Wilfr/^r'A ^>^*^*r>^^. AlifcliA 

1 -fr&^co i^CuitliCu &&&ft<D&1&ttm-i 
fflv^ 0 aci^ CuEj»***ftS*li:f«ft 

2, ^3^E^9 L, 11 Lt^SMtl £<7)£gg|£ 

[0 1 5 2] B2 \z % «±0^4^Eiai 3 LOiM 
mzi±, «x.lfA 1 t?t:t±A 1 ^£^£fflv^ 0 ^tttC 

S±^EH^ (± sK > t-V > ^ 7 -f -V > 7 p «ffi3S*©« 

ft±oE^*f^*ee*^(bffiv>fbtLTv^ a 



(18) 
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P ^i. B 53J * 3t * s *i®SMitTOiawt w io 

8C, 19C^ 
^t-V, TiN, Ti, Ta, WN, WS i N, T i 
S.N TaNi/:liTaSiNfW^ tSi 20 

3Lt, CuM»*fe44*3fE«llLittt« 

*owc,«uri («Mitt2oc 

1 9 c 2 oct L 
fro «ttA»#«2 i c**®«sn*»« 

octoia nfi¥ ^ (:fi , t43 p iifiS4tfil ^ 

[0 1 5 7] &»c, *^©»S5©¥*fc*» 0 j& i6 - 
■ * * * S^ffljc KQI-r * o 

f0 15 8]E W 5a, 5 b rtt:i»a 4 *t T ®« 



6 LI «, ili^6Ltir a 1M4at©tf 

- * i , i a> wpi> WS i N, T 

iSiN, TaNifc| 1T .SiN*H4i. 

N> Ti, Ta,WN, WSiN, TiS.iN, TaN 

5 KiJUTHU 6 LI ^ WjL|f 

10 15 9] ifc, «^«#:R6 L2 |±, #l«£* 6 

[oi6o] /zfzL^ mimmue L(ommi±m3 e* 

#®|6L2 *J:WT»v»*#i|6Ll iK**,^*^ 

±mt taw-a****^ ipv^^e L 2 <d*t- 

N, Ti. Ta, WN, WS i N, TiSiN, TaN 
SfcliT a S i N^^C,*^ 0 

[0 16 1] SE^ffl^S a l /fjfH^ 6 L ,^ ftft?L 
8a*li:TnMOS3 n 3 ndi/cllp 

5 K is v>-Cfct\ EaUB*5ai5j:tf* 

[0 16 2] 4* 1»E*6L 

T-** 0 SB^ffl*5 a, 5 biJi^g^u 

«?L8 artK**#JRS.^j fta , 6atrifc ^ 1Jgi;jflf 

5 b ii i iTg^ 7L 8 a£WO*#RiRi Us a ^ 
*m&<»m 1 6 L *3^«+* 0 

[o i 6 3] se^ffl» 5 c. 5drtua*ai#irjg* 
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^*#R9L1 <t<Dm^m#>!&9 LI t:IitL/:ffi 
*tWKJ?v*i»fWR9 L2 £ rflllSS *ITV** 0 
^9 LI 14, !£2JiE$i9 L tiTOi!4 b tOffif 
t££ft±£^£^fg^Jp:v^WK9 L2 ^Wjftfl^Offi 

>y*7-y. TiN, T i , T a. WN. WS i N, T 
i S iN, TaNStliTaS i N^*>&£ 0 
#JK9L1 fc* >^*x>^tgj&L£:^K(4, Ti 
N. Ti, T a, WN, WSiN, TiSiN, TaN 10 

T i N-eWdEStirv^o 

[0 16 4] J¥v*«#R9 L2 ti. ^2IES9 

LO*ft:^1S^;i->2,g|5#T*$>0. ffilx.lfCui3tl±Cu 
&&&to*l*1&1&&%#ftib*h*:&o fcrtfU ft 2* 
E»9~LO*Sl±II3 6 ^^L"fc«'jfitf ffi3e"3ft-& 'fcO" 

6*>. f^»fl:R9 L2 ^J;C/»^|ftl9 LI 
*y^»*R*Ktt£««, S^iffi9L2 ±£** 

i(fi»JR4 bO±HtS:t5tJ— ffv^#JR 
9 L2 ^*T-E£&*ffi$"t£flli§. »V**#R9 L2 <D 
& "C E& Sr «j£ L fresco ±M K * * 7 y gftR * 
Kit So ***:/2»fl:Rf;J\ ffllx.!** 
*x>\ T i N. Ti, T a, WN. WSiN. T i S 

i N. TaNifcliTaSiN^io4r-&o 

[0 16 5] E*&ffl3l5 cOg2iffiil9 Lf4. ««?L 3° 
8 gSraCTJSlJBEigfte L fc«jctWK«»3*LTv* 
£0 &^e?L8 gl4. E«ffl»5 cOficffi*^*lJtEiR 
6LO±lCfo]^ot, *Oft 1 J1ESL6 L<D±M<D — 

x.(^^>^^x>, ^>^f>^ Ali/:I4A1 

[0166] itz^ e*ub»5 ertnaae>aitL.-rjBfiS: 

t-c*^ TafiiviiijfBoffli+ft^af^aifriRi 1 l 

1 b. -^OSv^ftiRi 1 Ll KHStifcfflttttKlSv* 40 
*#R1 1 L2 fc-C«ffi£*LTV*£o »v*j£#Rl 1 L 

1 (4, %3«e&i 1 l tmm$&mm4 c 

y?s7->, TiN, Ti, Ta,WN, WSiN, Ti 
S i N, TaNJfcliTaS i N 0 
[0167] »v^#JR 1 1 L 1 * * > f- 
JffiLfc»^tH±, T i N, T i . T a. WN, WS i 
N, TiSiN, TaNifciiTaS i N^T'1f^L/c 
»^^Jt'<-CEaffifiL*:1B:TSHi-&i i:A*pregi: & 50 



4$fP3¥ 1 1 - 1 3 5 6 3 0 
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iffil 1 Ll WJx.tfT i Nt«?titv^ 0 
[0 16 8] J9v*«#R 1 1 L2 li, »3/fE*& 

1 1 LO*#*»jfti-a»#-c**K #lxfirc u Sfcli 

3JBE811 1 L^*iS»4H3 6U^L^*a^R3esft 

*to-c(4*<a^a£3iprffi-c*o. frsEHifecojgiK 1 

V^o J?v»a»«:|Rl 1 L2 j3 X VW^»m 1 

1L1 ±K**tx:/##R*Ktt**ilL iv>f#Ri 

1 L2 ±.iz*w?mitwiimf* 

R^±ffifcJira«i*R4 bco±m<h£l4t*-g:£-££flt 
J6, *v**#Rl 1 L2 <?5*"CEiBl*r**-*-*«a. m 
^i#R 1 1 L2 <DfrV&&*mj&Ltz1§&l l z*<D±m 

R14, 00*. If* >^*t->. TiN. Ti, T a . W 
N, WSiN. TiSiN. TaNt/:liTaS i 

[0 16 9] E«ffi»5 e<aft3JIEiNll 1 Lt4. mtx 
IIS h£fi£Tl£2Jf E*R9 Lfc««Wt;:««$*iTv* 
&o mmiS hli, E*&ffli*5 e^JSM*?>*2JiEjia 
9L<7)±ffit:fo]^ot, fcog 2^E^9 L'<£>iiMc7)— 

ilfr/^fv, ^>^^-r>^. A I SfcliA 1 
^*^P>4&»jRffl*ffgBl 9C^tt^ ti.Tv^ 0 
^a-t*BI3 9 H^-TJ: -9 tc. ^2^E^9 LI4, 
tfY*fpJ^31ftLTKJt?>tL. #2«Ei»9 LMOtf ^ 

1 1 L(4, «lx.tfY*fpJHSa*X*rSj^JEffiLTKfrt 
f>tt, $3iESl 1 LH^>feT^"f-P«iY^lPl^»f^co 

[0170] iOJ: -9 4*2SE«9 L45J: V*3JBE 
iRl 1 LO^^-ffifi, ffilx»ffie*<Offl»ji^E*<0® 
Jfi3frfti:ra£-C*&o i-i*J*>. *2«E*ft9 LOJgffi 

[0171] if, &mmms c, 5 a * j: traagjL 8 

[0 17 2] ^v^r, ^Jx.(fT i N*?*t>&*»v^2|:# 
I9L1 ^^^-y^'Jv^ftCiotML, S<bU, 

^^?>i*ip:v^#Bt9 L2 S:, C 

Mi^»LTCuS?JEW5c, 5drtt* 



(20) 
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[0l77 l ^»l5gli ^,1,.,. „ 
^imlmtttl £" ***** WWlSSertK 



CJ 



1 1-13 5 6 3 0 

38 

r;*;ttT^';I N ' WSiN ^ Tisi ^T 

N tTs J ' N> Ti% T ' a< WN ^ WIT 

®' 2 0 Jcii«**;ts<:i" «• ***** 

[0 1 8 2 J atV»*#« 2 1 C9 * 1-riM. 

■*fl*2 i C2 f V> 

«A»*>^^^ tTn Ti J 

a M r; WSiN ^ TisiN ^ Ta N ; : , ; 
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**S<T§*o ElftbT < f *#R* f 4 < , 
[0 18 3] Sfc, 114 3 tc^-T J: 9 C 

fcE*ftOg#*[n] (x^ripj) **Y*|pjcoElfti|iIJ: 0 io 

351 9C, 2 0 COffi«-&*>*jfett«:EI»OflE#*lPliJ 
J: < fSi Ciofc 

8 f 0¥Bffi«#KtHit J: ^ t^fiifci Itig^ 
fflfM2 0 C 2"I C 4:-*A»lc»«-r- 

&Zbi!fivI&b%:2>o 
[0 18 4] ttz, 14 4*5^^12 4 5 \zm-f X 0 20 

9 COJi»#»«ffl*#»5 2 1 C* 
«SI4 c K®jas*Lfc«jR7L8 h (H3 6#ffl) rtK 

ffli»^gB2 1 C*MWL-fZ>o 

[0185] m 4 iEtt 1 3 L li> mrfSHJfiO^ 1 £ 30 
ra*fcattoE««Sfcfco-cv*;& 0 IMWEtill 3 L 
*d\ S^c?L8 f F«30»jRfli*ft:gB2 0 C*Itt*3i 
Edl 1 Lifcl4»«ffl*flc»2 1 

[0 18 6] i-ife*,, *HiftOJKSg 5 Kis^Tli. A 

**»3j§Ei»i i Lifz\mmmmteU2 ictti 

SB 2 0Ct*Ltt»89i:««t5lSat4otv^o 
£*UCJ:»K AliCutil«8«it40tl»^ * 

RF it -T h Z. b if pj A g & « £ K 4 o T v 0 
[0 18 7] TtrtfU iWJ: v fc-fr&JBrt^ffi-Sftao 
Srl»Jh1-4*iti:LT«i, H 3 6 LfcWitKIRjes 
ti-ra^^M^TtgT*i) *3 , El 4 6-05 4 KSrMSiSi: 
Ltfcav^ a 4 6 (4. ffi4/RE!ftl 3 L 

^ *v^2g#jRi3Li b*<D±fa\zfafrs.tot>tLtzm 

^IM 1 3L2 ^rlM^tL^«i|t^^) 0 »v^agft: 50 



1 1- 1 3 5 6 3 0 
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mi 3 LI Si, tMBEiftl 3 L£JSHftftSt4 db<D 

;L\£? >yA7-> (W) . T i N. TU T a, WN, 
WS i N. TiSiN, T a NSfclAT a S i N«fri*fc 
&*o ffv^ftR 1 3 L2 (4. M x. IX A 1 Sfcfi 

A 1 4 £ 0 

[0 18 8] 0 4 7 0>*«fci3V*T:ii, S^?L8 ifrh 

m^hm^mumi 1 lo8ibi±i:, wx-tfaiRc 

*&**&4a«iRJB*#»2 0C1 a*K»t&*U 

S^?L8 f rt(iisv^TftjRffl*#SB2 0 CI 
«lx.tf A 1 itz\±K 1 ^**^41)«ttfflai#ffi2 0 
C2 **Kfrt^*tTv^ 0 jg3 9Etfll 3 Lfi, ^<D&Wi 

(20C2.20C1 ) tiI£T||3«E 
Iftl 1 LbnMfalz&WLZttX^ha 4i5 % «3VE«a 
1 3 L 2:&flHiI«#8E2 0 C <h immzM& It t> A 

v> 0 i-4 ci ^ is-wr ii - a i * 

Z>^4mmmi 3 Lis J: V«fiEfflaffls:«2 0C2 C 
u*#ftrt*e>fc&«3«E»l 1 L tOg^aSii^ >^ 
^■r >^*e>4*««ffl*ft:SB2 0 CI ^IS:^^«^<h 

«#SB2 0 Cc0^gp^^«^;-r4«^!fflai^a5 2 0 C2 

itJCJt-CTO»*ffl*#»2 0CO«StS:T»f-6ii:** 

[0 18 9] HI 4 8 0«Jgtii3V^Tii. $21E8l 1 
LOiasc^-r'yyfMl 1 L3SrK**fc*iTV*£ 0 

1 L3 ii> ffilxtf^ ^^^r >^ T i 
N, Tu T a . WN> WSiN, TiSiN, TaN 
tfzi.iT a S i N«?rt*&&£ 0 v^aiffJR 1 3 L 

2 (4, ^Oxjxa i itz\±A i *&^p)44o -etr, 

S^c?L8 f rttcttJMJIEiRl 3 Lfc-#«ncjgjfiSfL 

v>4 0 ^<0^^^^t. A 1 <b ft & IfS 4 JS E 

j»13Li:, C u^*t«-36^***3JBE»l 1 LtO 
SMSBtc^ >^f>^^^Sv^I l l L3 ^ 

SJ^^A 1 *#*t--ca^iiStt^,or% B13 6 Oi^iC 

[0 19 0] 04 9^>«it^4JV^rii. S«£?L8 f **» 
^IftRl 3 LI T?a»i&£*i-Cv*£ e ^O^^^O^v^ 
*ffitl 3 LI 60«ffi*t«-f4. lELfcWftiHC-C* 

, ^Jx.iX^ yV^T TiN, Tu T a . WN, 
WSiN. TiSiN, TaNifcliTaS i N«M*e> 
l?v^agft:Kl 3 L2 (4. CTx.lXA 1 4fc«iA 1 ^ 



(22) 
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-So 

[0 19 1] EI 5 0C0«itT*l±. 114 9 0f»iiK£>^ 
i|v>iffil3Ll ±t:f^I*il 3L2a, 13 

1 3 L2a(i. * >r*7->itz\t9 

7- > h & *) * Mx.lfCVDfeifcl±^Ay * u > 

^ft|T«$Htv^o lifJOlf v^iM l 3 L2b 
fllitfA 1 ttz\±A 1 ^>^<b& *K Wlx-tfC VD 

[0 19 2] 0 5 1 tf>flfcgT-Wt, A I *^Cj«:^*4J1 
1 3 L , BPt, C u^tf*S>*£»3/iE»l 1 L 
ti:8«t4Saffli#«14CS:, mjL\lA'*y?*) 
^mX'M&Ltz? (W) . TiNf^AU 

T*9fr 14C1 Wx.tfC VDTJg 

fiU^>^f> (W) f^^7^ OSv^frjR) 1 
"4C2 t-CM.ltv^o COflliSKJ: 0 . n>^h 

[0 19 3] * U V^ffiCJ: 

*y-y (W) «rffSE?L8 f tcS^iitf J: d twitBtL, * 

1 4 CI . ^^^1 4 C2 ^S^I7L8 f fi^KJ^jS-f 

CVDStT i N*a*!>i&A,*f:^^ 1 4 C2 <0^*C« 

[0194] 052 Offlfi6"Cf±. HI 5 1 OflliSKiSV* 
T\ »4»E>BU3L, BP£, A1?J^^^| 
fWR 1 3 L2 <h. TiN^^>^f> (W) 3f<Z>BH» 
j«&*^«^»*JSElllLfcWv»*#Kl 3 LI tX 

[0195] EI 5 3 Offlfi£-Cf±, EI 5 1 Ofl|j8i5V*T\ 
gI?L 8 f fi 7 ^ ^ J: [f^ > /X f > (W) 
***Lfcft, yy^DlL^^t, A 1 MfttiS 

(S^ilM) 13 LI <h. ^V^rV (W) 
SS^#I1 3L2ai^ Al^f?il>l|v^#|Rl 
3 L2bt-e*4JBHSjftl 3 L, B P fcfltJffi LT v»& 0 C 

ffis&fb t mm *ot J: * ««tfcO ftJL <h * 0 & r <h 

[0 19 6] EI 5 4<Dfl|jgtM±. EI 5 3 Ofll&KisV* 
^»;r^^;l/ (»v^#R) 13L1 SrKttr^. 
fflx.ttCVD&X-MlS.ZtLtzT i N^<b&£!S^#tJ; 
HI 3 L2a<h. A 1 |*ib4-&Sv»ifls|Sl 3 L2bk^ 
fS4JfE»13L, BPi^jfiLtv^o fflitfCVD 

te-c®«sixfcT i nh 3 L2bi±mfflt&mmt<Dmm 

&&9>7Xt> (W) RiOi^O-^ A'J7^^ 
1 3 LI £t3:tt&<T*>&<. 8SI8ti*tS5 0 
B5 30«fitR#t:, ■/^^JnX"J'-6i4:&L^» 
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L. A 1 G&temmWi&t't&z tx^ yy^ffgl 

10 1 9 7 ] .1.5 l K*-t^m«^SBl 4 COfitii£ 
8Sffli#ffil0C, 12C, 18C; 19C, 20C 
KJSJH It t> iv^ 0 H 5 5 li. EI 3 9 -EI 4 2 
fiffl|#»19C, 2 0 CK0 5 1 fc^i-««JB*ft:» 

1 4C<0«**jMJLfc*fi*^-J\, I^iM 1 9C 

1, 2 0 CI P^J7> 1 4 CI ira«uflt«s^ 

10 Hv^lftll 9C2, 2 0 C2 7 1 4 C2 <h fW|^tc 

[0198] H5 6H, EI55 \zm~f^ 31EII 1 1 

l, 2 i czr^Tfry^zsz/xm&Ltzm&Z7fi~fo 

'J>/fti:J:»)^y7>^;i'**»U ^<Of£, 

*iitr <£ -5 KJgj£-*-* 0 CMPft^KJiK 
'J7^^^P>44»v^M2 1Cl^ Cu^?)4 
20 &JJ^*#1R2 1 C 2 £T-«/££;fL£»3JiB£l§ll 1 ' 
L, 2 1 Cri*^JSS*L£o JS3J1EIR2 1 C*^4< i: 
tE^Sf^f^]t:?&ot:gS?L8 h J: 0 t¥IWt:S 
<^JS^*£fcKJ: 0. ff«?L5 g. 8h^Wt:, « 

[0 19 9] EI 5 7#J:U f El5 8 li. EI 3 9 - EI 4 1 \z 

7^-rmmmmwu2 ic*«*#irj (x#ieo) fc-r&L. 

JfegHKOTSrarf-o 0 5 7 (i* J&2«Elft9 L~SM«E 

30 ifti 3 l<d— u^TFirm^^mmxi)*) , ms m 

5 7<7)C-Cjft^7&ofcSSB»fBia"C*^o -ft-t'J: 

0, BS1-*»2«EHL9 LObfy-f-Pi cofi:at'^2 

»E»9 LSrJBJSEL-Cfc, *iRJB*#tt 2 1 C *Ktt£ 

[0200] EI59(±> EI39-EI41 H^-f SiRffl* 
ft:^2 1 CSr, «^c?L8 f ^ ? ES S »»f <Ofr, 

J Ktc*< Lfc«JK«t^1-o EI 5 9 Jw^-rSfttffl»#ffl 

2 1 C*. H5 7, EI5 8 ^^i"S«ffl»#ffi2 1 CI: 

[0 2 0 1 ] (HJfiO^ 6 ) EI 6 0 tt*3SW<OffioH 

ifecoff^r-$)^#«fr*a[iig&^fico5^»f®EI, EI 6 

1 . ei 6 2 ttH 6 o o^^aHttaa^asia* 
[0202] sr. **tt<ojB»6<o*»#*aifflttss 

g<OSii^EI6 0 ^fflv^Ti»^-t-2)o ^11E^6L 
(±. «x-tf^ V^-X-rV (W) OXitem (Cu) *W 
^0»Kttfl--e«JffiS*t. ^21EI9L, ^3^EIS 

so xm&ztiZo 
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[0 2 0 3 ] fclJgE&6 Ll±, m*.tfMl S • FET 

-cmm s *Lfc*3@»rt « Eta*itaiHiftn * 

»*+*EISlt=fflv»ibft, #2JIEilft9L, $3 BE* 

1 1 LKJt^TJt««ftv*E«fi-CflMt*il4 0 

[0 2 0 4] ®2g@EH9 L, S&3/1 E£fcl 1 Lli, M 

[0 2 0 5] tglJBEiaeL^WJgE-Cfllfigi-iittcJ: 
»K f& 1 BE« 6 LttRjffl'** iS5*«t 
-fb * H -5 £ t § , Lfri> EM»144-ii5< tSi fcri* 10 

[0 2 0 6] il*Et6Li:Cu^Oi^*t- 
[0 2 0 7] ®2Jl@e^9 L, S&3J1 El&l 1 L * C u 

*o**#3|B|.-c»jfii-4ci:-e, Etii«>ft»£l;;W&tt& 

[ 0 2- 0 8 ] g^ffl^ttSB 7 C , 1 -8 C , 19 C , 2 0 
C, 2 1 CJi, -f-ir-^mgs 1 »c^i-S^3S-»SB 1 4 

WiA'JT^?* (*t"*#:jK) 1 4 CI W*tf» 

htth-fnf (m^&&m) 1 4C2 t ft 

[0 2 0 9] «4/gE&l 3 L, 3?5>1E$§U 0 2 tt, 

«x(fr;u5-^A (ai) &<Dmmtf&X'Mj&zti 

%) o 

[0 2 10] £4SE&1 3 LJi, W, T i NfOy^J 
T*9)V («v^flcR) 1 3 LI, 1 3L3 ~C\ A 1 ifc 
liA l^f,44fv»*fWl 3L2 

[0 2 11] A l*0***f»T?*jjB3tL**4«BBjft 30 
13 Li:, C u*0*«#»^«jft$*i£#3JBEm 

MK®$5t-r&^ <h (I <£ *K AltCu^Cj: <3 « fcfcffi H 
fgt^^o ft is. fMBKIftl 3 Lte. H46-H54 

[0 2 12] Sfc. gSiEil 0 2 ti, 
t^S-fKJS 4 JiEittl 3 Li:l^t:II^^^,^ 
iftfcR&r. fMSEIfcl 3 Lfc*3»Ettl 1 

Bern 3 l tzm^&MzmmLx & &v> 0 

[0 2 13] Sfc. IB 5 V Eft 1 0 2 J^41EIl 3 

[0 2 14] f£5Jf E&l 0 2±K, ^Jilfy'J 3 >^ 
ffcR^fc ft &*fi*»R 1 0 4 OTFM S ft, ffi^H 10 41C 

Jf E&l 0 2 iiTSBmS 1 0 6 

1 0 8 TSSm^l 
0 6(i, fllx.lf/*'j T> *^-Cfflfj£$*L£ 0 so 
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[0 2 15] JSLT. 19 6 K El 6 2 v^T # l 8 Sit 
6L, »«f »#«7 COM*ftt|ll[*i:RWt4o 

[0216] i8 2:ratlt(c8niejKR4 a£8M*?L8 a 
iMf&Lfzfe, d 6 1 tc^-TJ: o WI$j6**> ft&»v* 

[02 1 7 ] H 6 2 tZ^-f <£ 9 ^ Cl (OiftSHR 

17 C2 

[0 2 1 8] WxIfPVD (Physical Vapor Depositio 
n ) ffi-CWl<:*9Lfcft, ^ v^>^H<£: ^ 
>^LT» 1BE»6 LS:JB^-t--6o 443. .1 
1JHE«6 L*PVDft^J:^WIR-C3BdELfc**. PV 

— [ 0 2 1-9 ] & K.-flJ *. tfe VDfttv'J 3>«ikR*- 

v'J 3>BMtR*CMPttKJ: 

[0220] Bii*oxei±. mmix-<omm^Mmi- 
[0221] ^^m<Dfcm6<D¥Mfc%kmm$&gtmis* 

>"/SIl 0 8 ^fflv^tv^^ 18 6 3 K5rf*«fc -5 fc, 

vf*>f >^7>f -V 1 1 0 *KStWtc««tLT t Av^o 
[0 2 2 2] £ fc, *||J6cO»ffi 6 0*«^*»[1IS&^ 

5«<offi«S"e*JSLTv^76« % 7Ji<0Ei»JB-c 
flMfcU *2«m-8 51EiRtCu*<0«Sttftt 
«JSL, *6«E«-*7J1E«*A I*^#«tt*|.^ 

»Ei*4:J±rai:*lPl^»a£-r4J: -5 t«LT, ifeiEl 

ojgjR 6 t«±, «jRA vffff 1 9 c tmmmm^ 2 0 

Cfc^»aSix*§B»^ffilli-^»3»EilWi*»c, ^ 
4 < T t E«l^)fi¥*fil T»«ffl*#IB 19C, 
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